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Abstract 
Effects of zinc (Zn) and manganese (Mn) supplementation to a tricalcium phosphate 
(TCP) rich diet for tiger puffer have been investigated. A TCP supplement to the diet 
decreased the growth of fish compared to the control diet with a Ca supplementation 
from Ca-lactate. However, addition of either Zn or Mn to the TCP supplemented diet 
could not improve the growth of tiger puffer. Addition of both zinc and manganese to 
the TCP supplemented diet improved the growth of tiger puffer. 
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It was reported that TCP derived from fish meal inhibit the availability of Zn and Mn in 
rainbow trout and common carp (Satoh et al. 1992, Satoh, 1994, Watanabe et a1 1997). 
Similar results were obtained in marine fishes such as tiger puffer (Takifugu rubripes) 
and scorpion fish (Sebastiscus marmoratus) (Hossain and Furuichi 1998, 2000). As 
seawater contains a large amount of Ca, Zn and Mn compared to freshwater, 
availabilities of these elements may be different between freshwater and marine species. 
In the previous study, it was observed that a high level of tricalcium phosphate 
decreased the weight gain in tiger puffer (Hossain and Furuichi 1998). The poor growth 
maybe attributed from the less availability of Zn and Mn in the presence of TCP. The 
effects of supplementation of Zn and Mn to a TCP rich diet for tiger puffer was thus 
investigated. 
Semi-purified experimental diets were formulated with vitamin-free casein ( 44%) 
and squid meal (10%) as dietary protein sources (Table 1). Zn and Mn supplement to 
the diets was as follows: 30 mg Zn/kg and 20 mg Mn/kg; 30 mg Zn/kg and 20 mg 
Mn/kg; 80 mg Zn/kg and 20 mg Mn/kg; 30 mg Zn/kg and 40 mg Mn/kg; 80 mg Zn/kg 
and 40 mg Mn/kg in diets 1, 2, 3, 4 and 5, respectively. Mn and Zn contents in diet 1 
and diet 2 were similar to the requirements of some marines fishes. Diet 3 was with 
increased level of Zn, diet 4 with increased level of Mn and diet 5 with increased levels 
of both Zn and Mn. Diets 2-5 were supplied with 6.45% TCP. Ca-lactate was added in 
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the control diet (diet 1) as Ca source. The procedure for diet preparation was the same as 
that reported previously (Hossain and Furuichi 2000). 
Table 1. Composition of the experimental diets for tiger puffer 
Ingredient(%) Diet no. 
1 2 3 4 5 
Ca from Ca-lactate (%) 0.25 
TCP (%) 6.45 6.56 6.45 6.45 
Zn (mglkg) 30 30 80 30 80 
Mn (mglkg) 20 20 20 40 40 
Casein 44 44 44 44 44 
Squid meal 10 10 10 10 10 
Alpha-starch 5 5 5 5 5 
Dextrin 10 10 10 10 10 
Pollack liver oil 10 10 10 10 10 
Vitamin mix." 3 3 3 3 3 
Mineral mix. b 4.5 4.5 4.5 4.5 4.5 
Guargum 3 3 3 3 3 
Feeding stimulantc 1.5 1.5 1.5 1.5 1.5 
Ca-lactate 1.92 
Ca3(P04) 2 6.45 6.45 6.45 6.45 
ZnS04·7Hp 0.013 0.013 0.026 0.013 0.026 
MnS04·5H20 0.009 0.009 0.009 0.018 0.018 
Alpha-cellulose 7.058 2.528 2.514 2.519 2.506 
*" Vitamin mixture (mglkg diet): Thiamine-HCl, 60; riboflabin, 200; pyridoxine-HCl, 40; vitamin B1z, 0.09; 
nicotinic acid, 800; Ca pantothenate, 280; inositol, 4000; biotin, 6; folic acid, 15; PABA, 4000; choline 
chloride, 8000; ascorbic acid, 2000; alpha-tocopherol, 400; menadione, 40; beta-carotene, 12; vitamin D3, 0.05. 
*b Mineral mixture (mg/kg diet): KCl 3840; MgS04·5H20 4080; NaH2P04·2H20, 
34,260; Fe-citrate, 1200; A1Cl3.6H20, 45; CuCl, 7.9; KI, 1.9; CoCl2.6H20, 0.7. 
*c Feeding stimulant glkg (Takaoka et al. 1995): Alanine 1.3, Aspertate.Na, 0.21, betaine 6.79; glycine 3.29; 
serine 0.24. 
The present experiment was conducted on juvenile tiger puffer (approximate size 2.0 
g) obtained from the Fukuoka Mariculture Corporation, Japan. The fish were fed control 
diet 1 during acclimatization. The rearing experiment was carried out in 200 liter round 
polycarbonate tank with a running water system with filtered seawater at a flow rate of 3-
4 l/min. Water temperature during the feeding trial was 27.0± 1.5°C. Sufficient aeration 
was provided to maintain dissolved oxygen near saturation. At the beginning of the 
feeding trial, the fish (similar size of average body weight 2.2 g) were weighed 
individually and distributed to 15 rearing tanks as a group of 30 fish in each tank. 
Triplicate groups of fish were fed each of the experimental diets to satiation twice a day 
for 8 weeks. 
The fish were killed with over exposure to MS-222 after 18-24 h starving at the 
termination of rearing experiment. Fish were counted for survival and body weight were 
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recorded. The data were analyzed using ANOV A and Fisher's Protected Least 
Significant Difference test (PLSD, p<0.05) (StatView 4.5 1996). 
TCP supplementation to the diet (diet 2) significantly decrease the growth of fish 
when compared with the fish fed control diet 1 with a 0.25% Ca supplement from Ca-
lactate (Table 2). Poor growth introduction by TCP was also found in the same species 
in a previous study (Hossain and Furuichi 1998). In that study, low bone Zn and Mn 
contents were detected, which suggested that less availability of these two important 
trace elements might be the reason for the poor growth. 
Table 2. Growth and survival of tiger puffer fed the experimental diets 
Ingredient(%) Diet nos. 
1 2 3 4 5 
Ca from Ca-lactate (%) 0.25 
TCP (%) 6.45 6.56 6.45 6.45 
Zn (mglkg) 30 30 80 30 80 
Mn (mglkg) 20 20 20 40 40 
No. of fish at initial 30 30 30 30 30 
Av. Body weight (g) 
Initial 2.24 2.24 2.24 2.25 2.25 
Final 18.5a 14.0b 14.9b 14.0b 18.3a 
Weight gain(%) 730 530 570 520 710 
Survival rate(%) 91.6 95.0 89.7 90.0 95.0 
*Different letters indicate significant difference (P<O.OS). 
Reports exist that TCP derived from the fish meal inhibit the availability of Zn and 
Mn in rainbow trout and carp (Satoh et a1. 1992, Satoh 1994, Watanabe et al 1997). 
Dietary TCP affected the availability of Zn and Mn to scorpion fish (Hossain and 
Furuichi 2000). Hardy and Shearer (1985) also reported that TCP contained in fish meal 
decreased the availability of Zn and Mn in fish diets. In the present study, inclusion of 
higher levels of Zn (diet 3) or Mn (Diet 4) to the TCP supplemented diet could not 
improve the growth. However, when both Zn and Mn were added to the TCP rich diet 
(diet 5), the growth increased and was statistically same to that of fish fed control diet 1. 
Results of this study suggested that a balance in Zn and Mn supplementation in diet is 
necessary for tiger puffer. 
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